Schizophrenia, the required dosage of haloperidol was found to be 5-15 mg per day with an average of 10 mg per day [3] . The dosage forms are typically tablets and injections.
INTRODUCTION
Haloperidol is a typical antipsychotic drug that chemically belongs to butyrophenone group. It is chemically known as 4-[4-(4-chlorophenyl)-4-hydroxyl-1-piperidyl]-1-(4-fluorophenyl) butan-1-one with molecular weight of 375.86 g mol -1 . It occurs as a white to pale yellow crystals or powder. Haloperidol is commonly used to treat moderate to severe psychiatric conditions including Schizophrenia, manic states and medicament-induced psychosis [1, 2] . It is also used to treat extreme behaviour problems in children and to ease the symptoms of Tourett's syndrome. For the treatment of
• Commercial tablets of haloperidol such as Trancodol tablet equivalent to 10 mg haloperidol (Intas Laboratories Pvt. Ltd., India) and Senorm tablet equivalent to 10 mg haloperidol (Sun Pharmaceuticals Industries Ltd., India) were purchased from local market.
• 2.167 × 10 -3 M EBT (Fluka Chemie AG, Switzerland, and molecular weight 461.38) solution was freshly prepared in distilled water.
• Buffer solutions ranging from pH 0.65 -5.20 were prepared using appropriate volumes of 1 M sodium acetate and 1 M HCl.
Standard solution
An accurately weighed amount (20 mg) of pure haloperidol was transferred into a 100 mL volumetric flask. The drug was dissolved in 10 mL methanol and then diluted to volume with the same solvent to provide a solution of 0.2 mg mL -1 .
General procedure
Aliquots of standard solution of haloperidol (0.2 mg mL -1 ) containing 20 -90 µg were pipette into a series of 50 mL separating funnels. To each separating funnel, 0.85 mL of 2.167 × 10 -3 M EBT was added followed by 2 mL of buffer solution (pH 1.85).
The contents of the separating funnel were shaken vigorously with 10 mL chloroform for 2 min and then allowed to separate the two layers. The absorbance of the organic layer was measured at 510 nm against the reagent blank prepared simultaneously and the calibration curve was constructed. The amount of the drug in pure form and in samples (pharmaceutical preparations) was calculated from the calibration curve, or from the corresponding regression equation.
Procedure for pharmaceutical preparations
Five tablets (claiming for 10 mg of haloperidol per tablet) were finely powdered and transferred into a small conical flask. Haloperidol was extracted with 2 × 20 mL of methanol by shaking. It was filtered through Whatmann filter paper No. 42 into 50 mL volumetric flask to remove excipients. The filtrate was diluted to mark with methanol.
The stock solution was diluted to provide a theoretical 0.2 mg mL -1 concentration. The content of haloperidol was determined following the proposed procedure.
Determination of stoichiometry
The molar combining ratio between haloperidol and EBT was evaluated by Job's method of continuous variations [27] . In this method, solutions of haloperidol and EBT with identical molar concentrations (2.167 × 10 -3 M) were mixed in varying volume ratios (0.1 + 0.9 -------0.9 + 0.1 mL) in such a way that the total volume of each mixture was the same. To each mixture 2 mL of buffer solution (pH 1.85) was added and then extracted with 10 mL chloroform. The absorbance of the organic layer was measured at 510 nm and plotted against the mole fraction.
RESULTS AND DISCUSSION
EBT is a metallochromic indicator widely used in complexometric titrations.
Chemically it is sodium 1-(1-hydroxy-2-naphthylazo)-6-nitro-2-naphthol-4-sulphonate (NaH 2 In). As pointed by Schwarzenbach and Biedermann [28] Below pH 6, the aqueous solution of EBT exhibited a wine red colour [29] , which is due to the presence of 1-(1-hydroxy-2-naphthylazo)-6-nitro-2-naphthol-4-sulphonate anion (H 2 In -). In the present study, haloperidol was found to react with EBT at pH 1.85, producing an ion-pair complex which was extracted into chloroform. The absorption spectra of haloperidol, EBT at pH 1.85, mixture of haloperidol and EBT at pH 1.85, and ion-pair complex extracted in chloloform are shown in Fig. 2.1 . The absorption spectrum of ion pair complex ( Fig. 2.1d) shows maximum absorbance at 510 nm. EBT at pH 1.85 could not be extracted into chloroform and thus the reagent blank did not show absorption at 510 nm.
The absorption spectrum of EBT at pH 1.85 (in aqueous phase) exhibits maximum absorption at 510 nm. The ion pair complex extracted in chloroform shows higher absorbance as compared to the aqueous phase, indicating that there is no steric hindrance.
The stoichiometric ratio of the reactants was evaluated by Job's method of continuous variations. The results ( Fig. 2. 2) indicated 1:1 ratio for haloperidol with EBT.
The formation constant (K f ) of the ion-pair complex was calculated using the equation: The Gibb's free energy, ∆G, was also calculated using the equation: ∆G = -RT ln K f and found to be -31.79 KJ mol -1 .
The pKa of haloperidol is 8.30 [30] which corresponds to ionization of piperidine moiety. Hence at pH 1.85, the nitrogen atom of piperidyl group present in its structure is protonated; creating one positive centre. On the other hand, EBT exists as an anion (H 2 In -) at pH 1.85. Thus it can be suggested that one mole of haloperidol associates with one mole of EBT, producing ion-pair complex which was quantitatively extracted into chloroform. The IR spectra of haloperidol, EBT and haloperidol-EBT ion-pair complex are shown in (Fig. 2.3 ). 
Fig. 2.3. IR Spectra of (A) haloperidol (B) EBT and (C) ion-pair complex.
In the IR spectrum of haloperidol ν(C=O), ν(C-F) and ν(C-Cl) bands appeared at 1658 and SO 3 groups, thus confirming the formation of ion-pair complex extractable into chloroform. The formation of ion-pair complex is shown in Scheme 2.1.
Optimisation of variables
The different variables that affect the formation of ion-pair complex were critically studied and optimized. The optimum values of the variables were maintained throughout the determination process.
Effect of temperature
The effect of temperature on the absorbance of the ion pair complex was studied over the range 20 °C -35 °C. It was found that the absorbance of the ion pair complex was constant upto 35 °C. Therefore all measurements were carried out at 25 ± 1 °C.
Effect of concentration of EBT
The influence of the concentration of EBT was studied by measuring absorbance of the solutions containing the same concentration of haloperidol (9.0 µg mL -1 ) and varying volumes of 2.167 × 10 -3 M EBT. Maximum colour intensity of the complex was obtained with 0.80 mL of EBT solution (Fig. 2.4 ). Higher volumes of EBT solution had no pronounced effect on ion-pair complex formation. Therefore 0.85 mL of 2.167 × 10 -3
M EBT solution was chosen as the optimal value for subsequent measurement.
Step 1 
Effect of pH
The influence of the pH on the formation of the complex was studied by carrying 
Effect of volume of pH 1.85 buffer solution
The effect of volume of buffer solution (pH 1.85) on absorbance was studied in the range of 0.3 -3.0 mL. The maximum absorbance was attained with 1.8 mL and after that the absorbance value remained constant. Therefore 2.0 mL buffer solution (pH 1.85) was adopted as an optimum volume for all measurements.
Effect of shaking time for extraction
Shaking time ranging from 0.5 -3.0 min were tested to ascertain the extraction of the complex. Maximum and constant absorbance value was obtained when extracted after 1.5 min shaking (Fig. 2.6 ). Therefore, shaking time of 2 min was maintained throughout the experiment.
Effect of extracting solvent
The effect of extracting solvent on the ion-pair complex was studied. The organic solvents such as chloroform, carbon tetrachloride, dichloromethane, butanol, isoamyl alcohol and ethyl acetate were examined for extraction of the complex in order to provide efficient extraction procedure. Chloroform was preferred because it provided quantitative extraction of the ion-pair complex from the aqueous solution and gave maximum absorbance of the coloured extract. 
ANALYTICAL PERFORMANCE

Linearity and range
Under the optimum conditions, the standard calibration curve was constructed by plotting the absorbance at 510 nm as a function of haloperidol concentration. Beer's law range, molar absorptivity, regression equation, correlation coefficient and limits of detection (LOD) and quantitation (LOQ) were calculated and summarized in Table 2 .1.
Beer's law was obeyed in the concentration range 2.0 -9.0 µg mL -1 . The high value of correlation coefficient indicates the good linearity of the calibration curve. The high molar absorptivity of the ion pair complex indicates the high sensitivity of the method.
LOD and LOQ [26] values were found to be 0.18 µg mL -1 and 0.53 µg mL -1 , respectively.
Accuracy and precision
The intra-day precision was evaluated through replicate analysis at three concentration levels i.e. 3.0, 6.0, 8.0 µgmL -1 of haloperidol by performing five experiments on the same day using the same analyte standard solution. The inter-day precision was assessed using five samples of three different concentrations on five days over a period of a week. The results are summarized in Table 2 .2. It is evident from the table that intra-day and inter-day relative standard deviation (RSD) ranged from 0.51 -0.64 % and 0.35 -0.82 %, respectively. It is concluded that the method has good accuracy and precision.
Selectivity
The selectivity of the proposed method was evaluated with regard to possible interference due to tablet excipients such as lactose, sucrose, magnesium stearate, mannitol and starch. To this end, a mixture of haloperidol with excipients in amounts commonly found in tablets was prepared and analyzed following the proposed procedure.
It was observed that the results were not affected by the common excipients. 
Analysis of dosage forms
Two different brands of tablet samples were analysed by the proposed method and a reference method [23] . The results are presented in Table 2 confidence limits at 95 % confidence level based on recovery experiments. It was found that in both cases; θ L and θ u values were within ± 2 %; confirming the compliance of regulatory authority [32] .
Conclusions
The proposed method is rapid, simple, sensitive and accurate which can be used for determination of haloperidol in pharmaceutical preparations. The method presented is based on the formation of chloroform extractable ion-pair complex with EBT. The method makes use of a common and simple reagent which an ordinary analytical laboratory can afford. The extractive spectrophotometric method has the advantage that it allows the separation of haloperidol from other auxiliary substances. In addition, Beer's law is obeyed in the concentration range 2.0 -9.0 μg mL -1 . The main advantage of this method is low cost of reagent and apparatus used and short analysis time.
